1. Introduction
===============

Phosphodiesterases (PDE) are enzymes that regulate the cellular levels of cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP) ([@b1-epj-09-5229]). The first phosphodiesterase was identified in 1970. To date, 12 types of this enzyme have been identified and investigated by researchers ([@b3-epj-09-5229]), the distribution of which, varies in different tissues ([@b1-epj-09-5229]). Type 5 of this enzyme (PDE5) was identified in 1978 ([@b4-epj-09-5229]) and it was determined that this enzyme is present in all smooth muscles, especially in the endothelium ([@b5-epj-09-5229]). Concurrent with sexual arousal, cGMP is formed in the endothelial cells of the veins in corpus cavernosa which relaxes smooth muscles in the walls of their veins and increases blood flow and erection following it. Then, the cGMP is degraded by the PDE5 enzyme and its effect disappears ([@b6-epj-09-5229]). By inhibiting PDE5, sildenafil prevents degradation of cGMP and results in its effect to continue, and this will result in relaxation of smooth muscles in the endothelium of corpora cavernosa, increased blood flow and strengthening of erection. PDE5 inhibitors were first used to increase blood flow in treatment of angina pectoris, but there was no significant effect on this ([@b1-epj-09-5229]). However, since the level of PDE5 is very high in corpora cavernosa of penis, PDE5 inhibitors have a significant effect in this organ ([@b4-epj-09-5229]). In addition, sildenafil is used in treatment of pulmonary hypertension, systemic hypertension, cardiovascular diseases and diabetes. Sildenafil also has an anti-inflammatory effect by inhibiting the production of active oxygen species and inflammatory cytokines ([@b7-epj-09-5229]). Efficiency of the antioxidant system of this medication has been shown in recent studies ([@b8-epj-09-5229]). The half-life of sildenafil is 4 hours and it is metabolized and excreted through the liver. The common dose of sildenafil is 50mg and it can be used at the maximum 100mg before sexual intercourse depending on the status of patients and severity of the disease ([@b9-epj-09-5229]). Due to the effect of sildenafil on the smooth muscle of other tissues in the body, it will be associated with side effects ([@b10-epj-09-5229]). The side-effects of sildenafil on the smooth muscles of the eye include changes in blood flow, retinal function and retinal pigment epithelium as well as the impairment of IOP and glaucoma ([@b11-epj-09-5229]). The cGMP and smooth muscles play a role in the production and drainage of the aqueous humor that determines IOP ([@b10-epj-09-5229], [@b11-epj-09-5229]). Theoretically, at least, PDE5 inhibitors can affect IOP by affecting the production and drainage of the aqueous humor ([@b12-epj-09-5229]). Therefore, by inhibiting PDE5 and reducing cGMP following it ([@b10-epj-09-5229]), sildenafil can change the function of retina and retinal pigment epithelium (RPE) due to creating changes in ocular blood flow, and it can result in high IOP and consequently, glaucoma ([@b13-epj-09-5229]). Since most patients with erectile dysfunction are the elderly, usually require long-term medication, and concurrently may suffer from IOP disorders, it is of high importance to investigate the side effects of PDE5 inhibitors on IOP. According to what has been stated and given the relatively high consumption of this medication for some disorders (including erectile dysfunction and cardiopulmonary hypertension) ([@b6-epj-09-5229]), this study was conducted to determine the effects of long-term administration of sildenafil on IOP.

2. Material and Methods
=======================

In this descriptive and cross-sectional study, all patients with erectile dysfunction referring to the urology clinic affiliated to Rafsanjan University of Medical Sciences (Kerman, Iran) over a one-year period (2015--2016) were investigated, among whom 110 patients were included in the study. Inclusion criteria was erectile dysfunction based on the International Classification of Diseases (ICD-10) - Criteria for Male Erectile Dysfunction. Patients under 25 and over 60 years old, history of glaucoma, severe liver disease, severe renal disease, recent history of CVA and a history of taking medication used to treat sexual dysfunction were excluded from this study. Then, the cause of erectile dysfunction including diabetes, taking psychiatric medications, brain and spinal cord injury, using narcotics, methadone maintenance treatment (MMT) or other items was examined. Afterwards, the cause of erectile dysfunction was explained for patients, and if possible, was treated with the help of other specialists. Then, sildenafil was prescribed according to the common therapeutic protocol (50mg per week on average). Some explanations were provided for patients on medications including the mechanism of action and doses of medication. Then, patients were referred to an ophthalmic clinic for eye examination and IOP measurement. Ophthalmic examinations were conducted using slit lamp to view the structure and components of the eye, anterior chamber angle, as well as retinal assessment. IOP was measured using the Goldmann applanation tonometer. These ophthalmic examinations are non-invasive and safe. Then, patients were referred to an ophthalmology clinic, one month and three months after taking sildenafil for IOP measurement. Then, data were analyzed using SPSS 16 software package and repeated measures test. This study was approved by the Ethics Committee of Biomedical Research in Rafsanjan University of Medical Sciences (ethical code: IR.RUMS.REC.1394.169).

3. Results
==========

Mean age of patients was 53.2±5.35 (range: 42--60 years). The dose of sildenafil was between 25 and 100 mg per week (an average of 50 mg per week). Mean IOP was 14.88±1.3 mmhg, 14.9±1.28 mmhg and 15±1.34 mmhg before, one month after, and three months after treatment with sildenafil respectively. To investigate the changes of IOP at different measuring times, a repeated measure test was used. Assumptions of using this analysis was assessed then the test was performed. Our findings indicated significant changes in IOP at different measuring times (p\<0.001). To investigate the difference between different times of IOP measuring, post-hoc test was employed. Mean IOP before treatment with sildenafil was 14.88±1.3 mmHg, which was significantly different from mean IOP three months after treatment (15mm Hg±1.34) (p\<0.001). In addition, the difference in IOP in the first month (14.9±1.28 mmHg) and the third month after taking sildenafil (15±1.34 mmHg) was significant (p=0.002) ([Table 1](#t1-epj-09-5229){ref-type="table"}).

4. Discussion
=============

Results of this study indicated that taking sildenafil for three months increased IOP. This has been observed in some human and animal studies too ([@b14-epj-09-5229]). Results of the study by Koksal et al. showed that a single dose of 100 mg sildenafil increased the blood flow in the ophthalmic artery, central retinal and small posterior ciliary ([@b11-epj-09-5229]). When investigating the effect of sildenafil on IOP in animal models, Gerometta et al. realized that a single dose of 50--100 mg sildenafil, along with 20 mg tadalafil increased IOP ([@b14-epj-09-5229]). The results of this study were consistent with other studies but, Grunwald et al. concluded that a maximum single-dose use of sildenafil had no significant effect on IOP of patients with chronic open-angle glaucoma ([@b15-epj-09-5229]). Ermis et al. also demonstrated that no significant changes were observed in IOP and ocular status after a single-dose use of 50--100 mg sildenafil ([@b16-epj-09-5229]). Results of the study by Yajima et al. indicated that taking sildenafil has no effect on IOP and diameter of pupil ([@b17-epj-09-5229]). Wirostko et al. demonstrated that taking over 80mg sildenafil three times per day in patients with high intrapulmonary pressure has no harmful effects on visual acuity, contrast sensitivity, color vision, visual field, examination with slit lamp, fundoscopy and finally IOP ([@b10-epj-09-5229]). It is possible that various methods and tools of measuring IOP are the cause of this difference in observed results. In addition, in this study, changes in mean IOP in different measuring times have been from 14.88 mmHg to 14.9 mmHg and finally 15 mmHg. Although these changes were statistically significant, clinically, no changes may have occurred in IOP of patients taking sildenafil (given that normal range of IOP is 12--21 mmHg ([@b18-epj-09-5229]). It is worth mentioning that mean IOP in patients under study was between 12.5 mmHg and 17.3 mmHg. An individual survey of patients showed that for example, a patient with IOP of 12.5 mmHg before treatment reached 12.7 mmHg after three months of treatment or a patient with IOP of 17.3 mmHg before treatment reached 17.35 mmHg after three months of treatment. This IOP increase was seen in all patients under the study.

5. Conclusions
==============

Findings of this study showed that taking sildenafil for three months significantly increases IOP. Therefore, this adverse eye effect suggests that caution should be exercised in people who take sildenafil and to monitor IOP periodically. In this study, only IOP was measured. Therefore, for later studies it is suggested to examine visual acuity of patients taking sildenafil and similar medications in terms of color vision and visual field testing using perimetry.
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Results of paired comparison of stages before, one month after and three months after taking sildenafil on the scores of intraocular pressure (post-hoc test)

  Stages                       Compared to              Mean difference   Standard error   p-value
  ---------------------------- ------------------------ ----------------- ---------------- ---------
  Before medication            One month after use      −0.024            0.029            1
  Three months after use       −0.119                   0.03              \<0.001          
  One month after medication   Three months after use   −0.095\*          0.027            0.002
